Objective: This study examined household food insecurity of urban low-income families in Korea and the associations of the food insecurity with children's dietary intake and body size. Design: Cross-sectional study. Setting: Low-income neighborhoods in large cities. Subjects: Included 370 children aged 4-12 y, who had all records on dietary intake and anthropometry as well as household food insecurity measures. Results: Using the 10-item Radimer/Cornell Scale, 62.7% of the households showed some degree of food insecurity (8.6% for food insecure for family, 28.4% for food insecure for adults and 25.7% for child hunger households). Food insecurity was linearly and negatively associated with household economic conditions as well as the caretaker's use of nutrition knowledge. There were also significant associations of food insecurity with the children's dietary intakes, indicating the largest amount of nutrients for the children from the household food insecure, followed by those from the food secure, adult food insecure and child hunger groups. The household food insecure children were fatter than the food secure children. The fatter condition of the former children appeared to be related to more frequent intakes of low-quality foods.
Introduction
As a result of the recent economic crisis in 1997, the proportion of people living under poverty has dramatically increased in Korea. The proportion of urban poor people whose income levels under the minimum cost of living was almost doubled between 1997 (8.1%) and 1998 (13.5%) (Koo, 2001 ). Moreover, a dramatic increase of school-age children who could not afford to have lunch due to their household economic problems was distressing, which was a 16 time increase from 1996 (12,381) to 2001 (200,000) (Ministry of Education & Human Resources Development, 2001 ). These figures suggest that the recent economic crisis was forcing economically underprivileged Korean children into more nutritionally unfavorable situations.
Economic difficulty influences household food availability, which, in turn, affects dietary intake of household members. Food insecurity is defined, as ''the limited or uncertain availability of nutritionally adequate and safe foods or limited or uncertain ability to acquire acceptable foods in socially acceptable ways '' (Live Sciences Research Organization, 1990) . Food insecurity is a complex, multidimensional phenomenon and varies through a continuum of successive stages as the condition becomes more severe (Bickel et al, 2000; Studdert et al, 2001) . Food insecurity was proposed as a core variable for understanding the nutritional status of low-income populations (Campbell, 1991) . In a set of studies, perceived adequacy of household food situations was linked with children's dietary intakes, weight status, and academic and psychosocial outcomes Alaimo et al, 2001; Kaiser et al, 2002; Matheson et al, 2002) . Although food insecurity became a major concern for nutrition security and health among Western nations in recent years, no study has ever investigated the issue of food insecurity in Korea. This study was conducted to examine the household food situation of low-income Korean families living in a large city and the association of food insecurity with children's nutritional status.
Subjects and methods
Participant recruitment and data collection Based on the proportion of households under welfare program, the National Basic Livelihood Security System, two districts (Gu) in Seoul were selected to recruit participants for this study (Health and welfare Bureau, Seoul metropolitan government, 2001 ). We had contacted 15 community welfare centers located in relatively poor administrative subunits (dong) within the two districts. Out of the 15 community welfare centers, 12 agreed to participate in our study. At each center, children were recruited if they were between 4 and 12 y old. Number of children recruited from each center ranged from 11 to 60.
A questionnaire was distributed to caretakers of the children recruited after informed consents on their children's participation in this study were obtained. The caretakers, who were assured of anonymity, filled out the questionnaire. The survey instrument was pretested between March and May 2001. Formal data collection was conducted from June to August 2001. Data analyzed in this study included 370 children aged 4-12 y who had all records on dietary intake, weight, height and household food security measures.
Measurements
Household food insecurity. Food insecurity was assessed at household level with the 10-item Radimer/Cornell hunger scale (Radimer et al, 1992; Kendall et al, 1996) , which was translated into Korean. Food insecurity construct consists of four components: quantity of food, quality of food, food acceptability and certainty of getting food. According to the conceptualization of the Radimir/Cornell Scale, as the problem worsens, household food insecurity representing uncertainty and anxiety about food at the household level is experienced first (mild food insecurity), followed by adult food insecurity (or moderate food insecurity) characterized by decreases in the quality and quantity of food eaten by adults (Kendall et al, 1996) . Child hunger (or severe food insecurity) is the most severe problem with household food sufficiency and is characterized by decreases in the quantity of food eaten by children. Based on the data on the items of the Radimir/Cornell Scale, which were obtained from the caretakers, children were classified into four mutually exclusive categories: food secure, household food insecure, adult food insecure and child hunger, as suggested by Kendall et al (1996) .
Dietary intake. We assessed dietary intake of the children with an 83-item semiquantitative food frequency questionnaire for children developed by the principal investigator. Correlation coefficients for reliability test of the food frequency questionnaire ranged from 0.54 to 0.76 for most nutrients. Detailed information is provided elsewhere (Lim & Oh, 2002) . The food list was divided into the following sections: (1) cereals and grain products (twelve items); (2) potatoes and starches (one item); (3) sugars and sweets (three items); (4) legume and their products (two items); (5) vegetables (twelve items); (6) fruits (twelve items); (7) meat, poultry and their products (nine items); (8) eggs (two items); (9) fish and shellfish (sixteen items); (10) seaweed (two items); (11) milk and dairy products (five items); (12) vegetable oils and fats (one item); (13) beverages (three items); (14) seasonings (three items).
Caretakers were asked to indicate their children's frequency of consuming foods in reference to the preceding month. The frequency response section consisted of seven categories: over twice per day, once per day, 3-4 times per week, once or twice per week, 2-3 times per month once per month, and never. As part of the questions on frequency, the reference portion size was described using natural units (eg. a glass of milk, one apple, etc) or standard weight and volume measures of the servings commonly consumed by this study population. For all foods, the possibility of specifying the use of a small, average or large portion was offered, where a small portion was a portion 50% smaller than the average, and a large one was 50% larger. The semiquantitative food frequency questionnaire was analyzed with the DS24 program. The amount of food reported by the subjects was converted into grams, from which the daily intakes of 13 nutrients were calculated. The nutrient intakes were compared with the levels suggested by the Recommended Dietary Allowances for Koreans (Korean Nutrition Society, 2001 ).
Child anthropometry. Trained nutrition major graduate students measured children's height and weight following standard recommended procedures (World Health Organization, 1995). Child's height, weight and weight-for-height were compared with the Korean standards (Korean Pediatric Society, 1999).
Child meal satisfaction. Using dichotomous scale (1¼''sasatisfied'', 0¼''unsatisfied''), caretakers evaluated their children's breakfast, lunch and dinner.
Caretakers' nutrition behavior. A battery of questions was included to assess degrees of applying nutrition knowledge Food insecurity, dietary intake and body size S-Y Oh and MJ Hong to meal preparation and economical food purchase of caretakers, as suggested elsewhere (Nam & Kim, 2002) . Each question used a five-point Likert scale ranging from 1 for ''strongly disagree'' to 5 for ''strongly agree.'' Welfare status and food secured period. Welfare status was measured by a current participation of the program under the National Basic Livelihood Security System, which has been launched from October 2000 to support the households with less than minimum cost of living (990 000 won (B$ 800) for a household with four people) in 2001 in Korea. Household food secured week per month was also collected.
Other sociodemographic characteristics. We assessed household monthly income, caretaker's age, gender and education, and children's age and gender.
Statistical analyses
Statistical analyses were conducted with SAS for Windows (Version 8.0). Descriptive characteristics of variables were assessed by means or frequencies. Using analysis of covariance, this study assessed the associations of food insecurity with household background characteristics and children's nutrition states. Key covariates included child's age and gender regarding the analysis of household background variables. For child's nutrition, we adjusted the effects of household welfare status and monthly income, child's gender and age, caretaker's gender, age, education and nutrition knowledge. When there was a group difference at Po0.05, the sites of significant effects were determined by the least squares method (Cody & Smith, 1997) .
Results
Participant and household characteristics Among 370 participants, 65.7% were school-age children. Gender ratio was similar between schoolers and preschoolers ( Table 1) . Majority of caretakers participating in this study were aged 31-40 y, female participants and high school graduates. A total of 28% of the caretakers reported to be divorced or widowed. On average, four people lived in a household. About a half of the households participating in this study were under the welfare program. Two-thirds of the households' monthly income was less than one million won (B$810) including support from the welfare program, if relevant. A total of 41% of the caretakers assessed their children's health as fair or poor, 47% as good and 12% as excellent.
Household food situation
Using the 10-item Radimer/Cornell Scale for measuring hunger and food insecurity, some degree of food insecurity over the previous 1 month was found in 62.7% of the households, that is, 8.6% being classified as the household food insecure, 28.4% as the adult food insecure and 25.7% as the child hunger (Table 2) . Two-thirds of the households, which is close to the proportion of food insecure households, were in food insecure at least 1 week per month. Moreover, Household background and food insecurity There were linear relationships between the categorization of food insecurity and household background variables after adjustment for children's age and gender. Compared to food secure households, food insecure households had less income and shorter periods of food security, and were more dependent upon the welfare program (Table 3) . Also, caretakers of the children from the food insecure households were older and more concerned with economical food purchase, had less education and used nutrition knowledge less in meal preparation.
Food insecurity and children's body size Body sizes of the children measured by weight, height and weight-for-height percentages were close to the Korean standards, after adjustment for key covariates including household welfare status and monthly income, children's gender and age, and caretakers' age, gender, education and nutrition knowledge (Table 4) . Food insecurity was associated with children's weight and weight-for-height, indicating that mildly food insecure children were heavier than their food secure counterparts. No such difference was found regarding children's heights.
Food insecurity and children's dietary intakes and meal satisfaction Nutrient intakes were the highest among children from the household food insecure group, followed by those from the food secure, adult food insecure and child hunger households (Table 5 ). For children with the lowest nutrient intakes, average energy intake was only 77% of the Korean Recommended Dietary Allowances (RDA) (Korean Nutrition 
Society, 2001
). Moreover, calcium, iron and riboflavin intakes were less than 70% of the RDAs. Conversely, nutrient intakes of the highest intake group (household food insecure) were either close to or greater than the Korean RDAs except for calcium. Among 83 food items used in the food frequency questionnaire, Table 6 presents the food items with significant difference by the household level of food insecurity. Compared to other groups, children from household food insecure children more often had cereals, ice cream, cheap beef, chicken, squid, dried laver, mandarin, orange juice, fats and sweets. However, intakes of expensive beefs (rib (gal-bi) and tender loin) were more frequent among children from food secure households (Table 6) .
The meal satisfaction level was the highest for lunch, followed by dinner and breakfast (Table 7) . Satisfaction level for children's dinner differed by food insecurity. Children from adult food insecure and child hunger groups had poorer dinner than those from the other two groups. 
Discussion
This study, which is the first one to investigate the issue of food insecurity in Korea, indicates that household food insecurity was widespread among low-income urban families. In the present study, approximately two-thirds of the households were in food insecure. Among low-income Hispanics living in an inner city of the US, a similar proportion of food insecure households was reported (Himmelgreen et al, 2000) . Considering the fact that 46% of the households were under the social welfare program targeted to underprivileged households with income levels under the bottom 5.2% in Korea (Department of Basic Livelihood Welfare, Ministry of Health and Welfare, 2000) , the poor household food situation found in this study was not surprising. Degrees of food insecurity measured by the 10-item Radimer/Cornell Scale were linearly associated with socioeconomic status, representing the greater the food insecurity, the poorer the socioeconomic conditions. It suggests that a use of the scale was acceptable to assess food insecurity in Korea as in the cases of other countries (Kendall et al, 1996; Pérez-Escamilla et al, 2000; Studdert et al, 2001) . Nevertheless, a direct validity test for Korean population seemed to be desirable. Compared to other research on food insecurity (Kendall et al, 1996; Himmelgreen et al, 2000; Matheson et al, 2002) , our study showed a larger adult food insecure (or mildly food insecure) group and, in turn, a smaller household food insecure group owing to a higher percentage (50%) of affirmative response to the item on child food quality ('I cannot give my child(ren) a balanced meal because I cannot afford that'). The child food quality item was not included in the Indonesian survey on food insecurity, which also adapted the Radmir/Cornell Scale.
Regardless of the levels of household food insecurity, the means of growth measures for our children were within the normal range, suggesting their adequate growth. Nevertheless, the household food insecure children were heavier than the food secure children. The largest proportion of overweight children measured by weight status for their height was also found in the mildly food insecure group (31%). On the other hand, overweight ratios were 24% for the child hunger, 16% for the food secure and 15% for the adult food insecure (data not shown). A fatter condition of children from household level food insecure families was also noted in the study on preschool-age Mexican-American children in the US (Kaiser et al, 2002) . For the school-aged, Matheson et al (2002) reported a higher body mass index in the food secure children. When we reanalyzed our data by age group, no such relationship was found.
While children from the most food insecure households had insufficient nutrients, nutrient intake appeared to peak among children from the mildly food insecure families (ie household food insecure). Food item analyses presented that the fattest mildly food insecure children had more of cheaper foods with high fat or sugar, as compared to the food secure children. It is plausible to assume that somewhat heavier conditions of the former children were associated with low quality of foods. Households seemed to turn to cheaper foods with high fat or sugar when money was tight, which might contribute to child obesity, as suggested elsewhere (Sarlio-Lahteenkorva & Lahelma, 2001 ). Methodological limitation of this study, such as smaller number of children belonged to the household food insecure group, may preclude this suggestion.
Lunch was reported to be the best meal for the children and not affected by the level of food insecurity. These findings are not surprising since all of our children were under public lunch programs. Only child's dinner, usually eaten at home, was affected by food insecurity. A significantly lower satisfaction level for dinner in moderately and severely food insecure children supports unmet conditions of these children's diet for their needs, as shown in the intake analyses. The improvement of nutritional well-being of these children should be the primary concern for nutrition programs for low-income children.
One of the important findings of this study was a positive association of household food security with the caretaker's use of nutrition knowledge. Moreover, nutrition knowledge was a positive factor for the children's health status and dietary quality assessed by mean adequacy ratios even after adjusting for the effect of household income (data not shown). These findings suggest that adult nutrition education focusing on practical nutrition knowledge is a useful means of nutrition intervention for better household food situation and child nutrition among low-income urban families in Korea. Economical food purchasing behavior, showing an inverse relationship with food security, was more likely to be an outcome of household food situation rather than its reason.
In conclusion, this research links the status of household food security to children's food intakes and fatness. This study has a few limitations. The data of this study are crosssectional; thus, they do not allow causal judgments between food security and child nutrition outcomes. Convenience sample may preclude generalizing the results of the study to other low-income families in Korea. In order to have a clear picture of a household, data collection for other family members may be necessary. Further research on validity testing of the scale measuring food insecurity for Korean population is required.
